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[m^m 1 1 
[ii*3i2i 

S&o 

(D^ y \^~vy7.m'^m^o 

5 1 

i)^m'^(r>2 \£y h(DmX'm^M^fiX^^^^m^\,z{i^ mU^- VW^itU^ii. buIE2 \£ 

■y h-T^^^fBlt;*.?, 1 e-y h5rv-yf-i-^Ci:^#iJ:ti--2,W*]l3me«fiO^>t:-^> 

BUlS^ji/^'^ TXgp.hfilE-r ^if-^^'^y^ h U ^ y 9^Uti)^hti:^^ki, 1 oXtiliiSc 
lis*]* 8 J 

xti 2 ms^o^ y \f:-yy T^mmm^o 
m^m 9 1 
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im^m 1 0] 
im^m 1 1 1 

131 

{mim 14 1 

R e X t : R 1 under+ R 1 upper= R t r i m : R t 

(1BL> R e X t {±. m%^^\-Um}i(r>m.i)i^. R lunderJi. ntZ^ \m)m^<DmfL 

'fg> R lupperli. mUm2mXm=f-<r>W:.m^. R t r i m{i. ^fifi^ > tf- ^> X;^^ 

[m^m 1 5 1 

IIr*]^ 1 7 1 

mmzt^ L xiewl^ trj:i>m%^m^Lx\.^^z.t^'wwLt-t^ tn^m 1 xti 2 tcis^co 
^ y\f:-ry T^mmm^o 

m^-m. 1 8 1 

h 'J 5 y ^uxhhzt^i^Wit-rhmiKm\iL\t2Kum<D-( y\f:-ry:^mm:mmo 
m^^mi 9 1 

m 1 i^j^ffiiJt-h^i-^ejjttT)^^^ 1 y - v^^Lxm.jmw:^ft^mi m.nm^t. \Hm. 

"^■bmt^m 1 it^ij mmz^m. ^ix^mi^^Ty-^ti)^h mi^ ^m^< ^r^^mt^ 
m2iH^mijLtiiiy3^ y ^ - r y ^mumtjct-^^m 2 y - v^^Lxmnrnm^ti^m 
2 mmmt. m 1 xtjm^f-i^mmm 1 y - ku^m$ m 2 xt}^^:^mtim 2 j- 
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iwm^] mmm 

[0 0 0 1 ] 
10 0 0 2] 

t;T£5^. USB2. 0 (480Mbps) ^LVDS (I^Gbps) 4^ t'(D-$iiM ^ > ^ - 
1&tn,^j:t^m^m m^i£. ±1 0%) iZ^i^'t^Ztii. m.mm^<D'i&M<DKM^m^ 
[0 0 0 3 ] 

L L 4^ 75^~ . LSI l^itXfi-C-f^ ^9 /i^fij)t^?-<7)y < ^ -y ^ (j^y x. ii\ ±20%) 
[0 0 0 4 ] 

m2 6Rifm2 7 izTT^-rxdiz^ t^ryyu. ^vm&iKRext 

^ i-X(Dmmtiitl t LT. Data Data -^^(i, [*I^i£J^L<7)«l±P^Ti; =t 

LTv^^o MBibllliE&(±. V AS^^-omfi^O^^V r e f i-S ^) < 4^ J: ^ 4^ - K^m#tt 
[0 0 0 5] 

, Z<DiU^^ 4 5 n± 5 ntiH^LTv^^o gn*>, i:©Jf$PIaliJ§t:MO S h 7 

[0 0 0 6] 

l^^l^t)^''^, ^i^mi±<7)/sv -7^, t^Tyy<DXt}ty-tyhms. 

[0 0 0 7] 

u y h;^^^i:. mufltit;. ffls^<, mm-r^z tiimmtfj:^o 

[0 0 0 8] 

^•^13. t^5fe*$tT0^2^ji: LT. ##^:*:m2 ^^i-o 

^m%'?Xm2Xli. 112 8 ic^i-j: ^ ^1-fI575^ib4-x.'bn^^mmGEV r e f 'J'i- 
[0 0 0 9 J 

l^jK h 'J 5 ^iJ^'iStJifi. [112 9 H^i-J: ^ I P I N<7)F^{Cit^^^$ tL^SJ^uR 
0 :3- KUi ^ y y ^ y ^mm^fi^ X ^ y^i:^\-LXmm^*i^t&in.R 1 8 
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[0 0 10] 

1213 0 ic^-r J: l*l^^£t;tOys-7-y-ir^H^#0. LT. ISJiiLR 0 <7)ii(i, i^a^:'^^ 

L, tstiLR 1 - R 8 ^jiis^^i^^^-r rtii h ^ > ^'mjL<Dmm^jtMmx-n 

v^. ^^Sii 1 0 0 f2± 1 0 r2<7)^HtzA'2) Xoiz LX^^^o 
10 0 1 1 ] 

[0012] 
[0 0 13] 

1 1 2 o o i - 9 4 o 4 8 ^'hm 

\m'fX1llL2 \ #^¥8 - 3 3 5 8 7 \ ^^m. 
I#l1=:5:m3 1 #r^¥ 11-3196 o-^i># 
[#fF:i:m 4] #^ 2003-69412 -^^^fH 

Il^#i1^:4:i^t 1 1 ESSCIRC2001 "A New Impedance Control Circuit for USB2.0 Tran 
sceiver" Koo K. -H. SAMSUNG Electronics (http://www.esscirc.org/essc 
i rc2001/C01_Presentat ions/5. pdf ) 

[l^#lt^K2l ESSCIRC2001 "Digitally tuneable on- chip line termination re 
sistor for 2.5Gbit/ s LVDS receiver in 0.25/im standard CMOS technology" M. 
Kumric, F. Ebert. R. Ramp, K. Welch Alcatel SEL Stuttgart (http://w 
WW. esse i rc. org/esse i rc2001/C01_Presentat ions/98, pdf) 

\mn-hm'^ Lid t-thmm 

[0 0 1 4 J 

[0 0 15] 

-2) <h U ^ /5) o 

[HM ^ Mfc^-r i6 iO^^] 
[0 0 1 6 J 

^2 A:':^i^7)^^Hyie^i K^c^f^t$n. ffi:':^T-7)^mieili jt^iJlIS&tc^tM^ 

n-i,^ 1 ^^T>-7"<h;6>^tt^$:}l^*ii/s:^ T;^B, (2) ^ 2 I^I^SJjt t -< > t: 

-^^>';^li^«iufc7&-'^2 y- K^r^^L-cii:?lJ«^$-f^^^2ie5^|JllIl^&t. si A:^^^^ 
;^^^HoiB^i y- K^c^^^t$tL. ^2 a:^j«T-7O^"huiB02 y- Knif ^^$ti>5, ^2 ;^/n-^- ^ 
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h'mmm^ty}^hmj&.^ti^ ^ y < y^fut ^m^. i 

[0017] 

[0 0 18] 

[00191 

1 . WcW 

[^I^iSJJtR t o, V^^/mmmfiR d r v, tb:'5-r > li-^^>>?>mM4a|}LR t o_t r 

y M- ^yT.mmM^h^^'^^o 
[0 0 2 0] 

coigJjtii^R t o , K9-f /s1tM®t)tco^St/LM^, R d r V. ffitJ^ >t:-^>X;^Mi£ 

fS:<7)t£j;L'fi^> R t o_t r i Lfclt^tC, 

Rext:Rl=(Rdrv+Rto_trim) :Rto 

<7)r*3#> Xfi, ::tLlcS^)i5v»M#t^^ i^tc, R t o_ t r i mO^^^iO ^) 

[0 0 2 1 ] 

Xti^ y\i-9'y TsmMWifLR t i_t r i m. -^^Ty^QVl. 3>/n°P-^CMP 

, gyo[*]^jm(7)i£i5tjg^R t i . xti^ y\i-vy7.mMmn.(r>mm.-^'R t i_t r 

i mh L/iJt'^H. 
Rext :Rl=Rt i_t r imiRt i 

:itLtcS^i5v^Ki^t^-& i^tc, R t i _t r i m<7)^t?r^0l9#x., 

[0 0 2 2] 

^ '^tf-^^>>(.f3^|pij^<7).^^^ffli-^^'^, ^li'-^^^t.il^lalg&Oc^^f^ffl-t- 
[0 0 2 3 1 

2 . ^1 Mm<7)mm 

[0 0 2 4 ] 

Rdrv (le-^Zi) (i, tB:^J -Y/s-^^LTV^^o ^iS/^-f T;^gp 1 1 y-KV 
r 1 ^^LT^#^$tL^|*I^^gJ^LR 1 RX/Amm(7y^Umin.R ext. l^ffl5^i^«ffiV r 
e f <h y - KV r 1 <Dm.J±:^^Xtf :^^T y -fO P 1 . P -f" ^ ;t- ;HVI O Shy ^v>?. 

p 1 . i&tfiw. N^^^>;uMo s h V >-yx^N 1 ^^-r^o m?igvDD^c^^gg$tL<2. 
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[0 0 2 5] 

+ ^T>yO P 1 li> mffiV r 1 75^1*1 SB^r^miEV r e f til^ L < <2> J: ^ N^^ 

:f ;nvio Shy > ^ m-irLmmm^) n i <7)r- hmBE^^jtflit-'&o mi±v r 2 {±, 
mffv r 1 {zuL. mrc i 1 ji-sis^jtR 1 <Dmm$T^im^tzm. bp*,, v r 2 = v 

rl + (Rl/Rext) XVrltit^o 
[0 0 2 61 

f*lfl^^^i^«l±V r e f (i. -^Jx-ti". 1. 2 V ± 5 % i: f H^ffiJJtR e x t fi. iSffl 
J^rm, 'PiJx.(i\ 12Kfl±0. 1 %ti-^o m?igmEEVDD(±. -^Jx-ti". 3. 3V+1 
0%. ^t^T^T'OP l<7)^7-t y Vm&li. 1?flx.{i\ ± 1 OmV<hi--l>o 
[0 0 2 7] 

nUmXR e X t izJ::hmi±mTm:d^\^mmmmJ±V r e Hz^L<^^ZXnK. 
T>7°0P 1 <1:N-^^ ?^;HVI0S (SrL^IJffll^T-) I t:d^h^j:^nmMm 

^:^m<o ^<Dm^. V r 1 !±, V r e f t^j:^o fHM&mM&V r e f <^^<y'y^t^ 
y ■:ro p KD^y-ty hizx:h§mr\ mmi. (l. 2 V± 5%) ± l O mV. o 
tl9.1.2V±0.07Vt^:^o 
[0 0 2 8] 

m?£ I 1 (i. V r 1 / R e X t <?: 4^ ^ C (DMM I li>. mW-l/Z, M x (i\ 1 0 0 ;« 
ti^o \^M1&tjiR l<Dy<y'y^^^ m^i£. 2. 4 K H ± 2 0 % t i"* t , mJSV r 2 (i 

Vr2=Vrl+IlXRl 

( 1 . 2 V± 0. 0 7 V) + 

(1 0 0 /u A±7 ju A) X (2. 4Ka±0. 48Kn) 
= 1. 44V±0. 13V 

[0 0 2 9] 

ZZXmm^j:Ztlt. Vr2{±. rt^iKJnlR 1 O^i-^igCtR e x t Kit1->2)/sv "7 + ^ 
[0 0 3 0] 

tat)^ yy^-i^y^. h «; 5 y^fmi. mav r 1 tmisv t o 1 75-'x:^j$tL^ p 

-rJ'CMP. m/±V r 2 i:mi±V t o 2 ^^Xtl ^ix^ y P 2. ay/^v-9C 

MPotH:^jM-^?r$(t^ K$iji^[pis& 1 3 > N-^ ^ ^^nvio s h 9 > >x ^ mm.m'm 
m^) N 2 , i^ij^sjjiR t o . ihti^ y b:- ^y^mmmjiR t o_t r i m. rv. m 

t) Vy ^mmWitJuR d r v:*^^«^$n-&o 
[0 0 3 1 1 

:t^T>7°0 P 2 (±. mi±V t o 2 ^^~«1±V r 2 H^L < ^-l* J: 9 tl, N^^^^;HV[0 

s h ^ > v;^ 2or- hmi±^$iji^-r^o -i<7)tt«^T\ mi±v t 0 1 {±. r t o ( 

R t o_t r i m+R d r V ) t (D^f±mi±t fj: fig^C <!:{i. R e x t t R 1 <h 

<OJt{±. Rto_trim+Rdrvi:Rto t<7)JtlC^L <^-2>::i:lC^.?>o 
Rext:Rl = (Rto_trim + Rdrv) :Rto 

^\-umin,R e X t it. Mmmx^^o ^<Dtzi^. i^mmm.R'1 , Rto, Rto_tr 

i m, R d r v <Dm^^^ti^tH£ h-^^^^X ii . — «^fi^tl(±. R 1 i: R t o t<omMmm^^ 
^< J: 9 tiS^it-rntf. R t o_t r i m+R d r V (7)>fg(i, Mtz,. ^t&11<7)^H 

[0 0 3 2] 
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KtlJf^lll?&l Sfi. mx.l£. M^vJ<.^'75-f>1tfiK$n^o V r 1 tV t o 

1 <^itm^^-r:-^^:=' ^ CMP ill:':! (i. n y ^m^C L hi-^#^-> 

[0 0 3 3 1 

<r>mmM'h:^''iEM$f. (mmmmm ^w^M-t^am. <^t<o. v r i i:v t o it^mii^ 

ho Z(D'\-k-mM. R t o_t r i m+R d r v ij^^^iiW^m^^L < Ki:^:-i>o 
[0 0 3 4 1 

Vto2 = Vr2 + 10mV = 1. 44V+0. 13V±10mV 
= 1. 44V±0. 14V 

[0 0 3 5] 
^i)ftji I t o (i ^ 

Vto2/ (Rto + Rto_t r im+Rdrv) 
(0 0 3 61 

-omwiL I t o i 0 . V t o 1 {i. -et^mE^^^i: LT. 
Vtol = I t o 1 X (R t o_t r i m+R d r v) 

[0 0 3 7] 

Vtol = Vto2//(Rto + Rto_trim+Rdrv)X(Rto_tri 
m+R d r V ) 

= V t o 2/ ( 1 +R t o/ (R t o_t r i m+R d r v) ) 
4> ^) . V t o 2 (± . V t o 2 coJgJjtJt-e;^^ $ C 4' o 
[0 0 3 8] 

rr>/^°^-^'CMP^i. VrltVrtol 7:>^~*^>^L < 'fc^i^tc. Rto_tri 
m^-M^-r-SO-C-. C<7)Bt, ^ >y^U~ }^ CMP(D-ty-ty hmi£^. Vo f f cmp ( 
±20 mV) t i"^ t . 

Vtol = Vrl±Voffcmp 

[0 0 3 9] 

ton. = 1. 2V+0. 07V±0. 02V=1. 2V+0. 09V 
[0 0 4 0] 

Z.(D^mtiE.mY t o 1 ^^Lv^<h-t-nii\ 

1. 2V±0. 09V = (1. 44V + 0. 1 4 V ) / (1 + R t o / ( R t o _ 
t r i m+R d r v ) ) 
t rj:Z,o 
10 0 4 U 

^-1-C\ Rtoi: (Rto_tr im+Rdrv) h ^j: i> ^ti ^ 9'y7.m^m 

- V y 7.mm(on^t^£ h 9 - Y y v ^ >\£-v>:^mm&.^R t o_u s etc^ttr 
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[0 0 4 2] 

fi^oT, mx.ii\ 'mm'r> l''^ ^<tiit} ^ y V>:^^ 4 5 n t Lfzy^^m^. 

Rto_trim+Rdrv(4. 270ni:4'*). 

Rto(i> Rext :R1= (Rto_trim+Rdrv) iRto 

<^m%. fiD*>, i2Kn:2. 4 Kn = 2 7 on : 5 4 ni 19. 

5 4 n t 4^ -5) o 
[0 0 4 3] 

tfz. Rto_trim+Rdrv = 270fi, Rto_trim=240n. Rdrv 

= 3 0 n t-r?>o 

10 0 4 4 1 

---C-S^'S:^t(4. R 1 tR t ofi, |5l-(7)^ffiIlIif&I*mf^^$ti/^jmT-^)^ 
. ffiWt;t^< -S,, <hv^^,iri;^.5>o ^/i. Rto_t r imlzP^LT^. [5]# 

t-, i=Bit*IS^< fi^ti-^C t7&5^T'#^7&^ Rd r v{±. 15iJx.(4\ MO S hv^-z^^S'/O^ 

I 0 0 4 5 1 

1. 2V±0. 09V = (1. 44V±0. 14V)/(l+(Rto/(Rto 
_ t r i m+ Rdrv) ) 

R t o/ (R t o_t r i m + R d r v) = ((1. 44V + 0. 14V)/'(1 
. 2 V±0. 0 9 V) ) - 1 

[0 0 4 61 

MoT. m^^n^miXR t o_t r i m^. ^mizm^&-tt. 

Rto_trim = (Rto/((l. 44V±0. 1 4 V) / ( 1 . 2V±0. 
09V))-1)-Rdrv 

[0 0 4 71 

Rdrv = 30n+20n. 
R t o = 5 4 n± 10. 8 a 

Rto_trim = ((540+10. 8n)/((l. 44V±0. 14V)/' 
(1. 2V±0. 09V) -1) ) - (30a±20n) 

[0 0 4 81 

-t > ^ - ^fr-e^ ti (4\ 

Rto_trim (-t>^-) = (54a/( (1. 44V/1. 2V) -1) ) 
-30a = 240fl 

[0 0 4 91 

otn . R t o_t r i 4 0 f2{;ft<ji5^"< i ^ UP^^^^i^-^. ISmfitJl^. 

2 4 0 OTj^miMii: LT^i t H4^>l>o iS^UtC^-?, R d r v = 3 0 n t^t>^ni£\ 

[0 0 5 01 

> tf-y^x^MiSiJtR t o_t r i m(7)pMI£H^l2;^Ht;il^^t^t LTi5<.6;tc^ 

o 

[0 0 5 1] 
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^ia]s&i*)(c^{t-i)miM^i3e'i.7^ji6tc. tht) ^ y vy ^mumiLR t o_t r i m<7) 
ffi{±> mm^^ y\^-vy^mm<r>tmtrj::h9-r y h y\^-ry:^mi^W:t}LR t o 

1^1] 



Rtrm 


53.33 


*0.8 


1 

*1.2 


*0.9 


! *1.1 


Rsw 


5 


3 


8 


1 3 


! 8 


Code 


Typ 


(-20%) 


(+20%) 


(-10%) 


(+10%) 


0 


58.33 


45.67 


72.00 


51.00 


66.67 


1 


53.70 


41.96 


66.43 


46.83 


61.57 


2 


49.80 


38.84 


61.76 


43.32 


57.28 


3 


46.48 


36.19 


57.78 j 


40.33 


53.63 


4 


43.62 


33.90 


54.34 


37.76 


50.48 


5 


41.13 


31.90 


51 .35 


35.52 


47.74 


6 


38.94 1 


30.15 I 


48.73 


33.55 ; 


45.33 


7 


37.00 


28.60 


46.40 


31.80 


43.20 



10 0 5 21 
[0 0 5 3] 

Rto_trim{i. 2 0 %. «9 #x. tCjJl.^^X y -f-O^JjLti. 5n + 3nX-2 
[0 0 5 4 1 

h') ^y^'m^it. ^ijtmm(^m2m<7^mijLmnm^wi>tmctL. ro = 5 3. 33 

n> •y^<r>mtJim= Sn. Rl, •••R7 = 560fi, 4^mijiR d r V = 
5 sit LXtfWtX^^^o 
[0 0 5 51 

l*I^JgtjLO/s-7 ■7^^i^i6#0. tr, R t o_ t r i m+ R d r V (i. m>/^g {Z(r>m 
[0 0 5 61 

^iJx.{i\ /<[HlS&lCiDV>r {i. R t o + R d r V {±, ft:^, 5 8. 3 3 n.;ft/h. 

3 7 n tfj:^ J: n izm^LX^^:ho * 0 . 8^*1. 2 ^ <h^{i. O/s"^ -y 

^ii^umLfz^-^^y^sYnMx^^o mmxa^ =7- K3 ta- V 4 (omxmm^j: 4: 5 

n ^^^oTv^^T^^ *0. 8 O^;^ h^fij^T-^oT t , 3- KO t K 1 ora, *1 
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[0 0 5 7] 

^^&ii^4 5fi±5ni: L7t:Jj|^X-<), |*liEJ£}jt<^± 2 0 %<7)/<7 -y ^ Hit LT^M"! 
[0 0 5 8] 

IS^OBf ^ V r 1 = V t o 1 75^^ L < ct ^ (C. V t 1 = V t o 2 . I t o =5: ti)m 
\n^Ki>mX'h^ . IS^6^t;> Vr e iiVuib. ^ (7) J: ^ 4' •1=>PBm4^«i> M^"ifit;tJ:t^ 

[ 0 0 5 9] 

"blc. m^4^^ <h (±. i^^'fiifi^^'i-v^T:)?, V r e f . ^^T >-:^0 P 1 <7)^7-t h 
, m-iti(D^<7-y^fj:t'Kii^ c h-c-^^o R i <h r t o ojstuJti^^v^ 

[0 0 6 01 

US (±. SPICE ^fflv^TlSlJf&v 5 i U- V 3 > L;t:^:i:^^L-Cv^<2>o 
[0 0 6 1 1 

mm^t, mm^. n^/N-U-^CMPOX:^^^:'!, V t o l - V r l ?ri: t). ^ttttl. 
0 - 1 0 s i •?:-<7)B#rB^ ^^:«). 37f2-58. 33ntT\ Rto_tritn^';^7 

>xy(;;i'n-af 1 0 0 [aia'^'^^^-ttT^, T 2 :2^<7) 9 ^' >J':il^'l-Oig:T<7) ^ >{±. OVO 

[0 0 6 21 

1114 {±. 3- KaimialiE&^ > t:-:5^ >>!>^«JJt<7)|li&1?iJ^^L-rv>-2.o 
[0 0 6 31 

-vy^mmt&UR t o_t r i ma. ^j)lr 1 ztnz3kmi^^^ti^ 7m<Dmfm 

[ 0 0 6 4 1 

mriR, R KomiXmii. Rt rm-e*^). ^ 4 y-^'D^ ym(7ymjLmii. RswX'^ 
[0 0 6 51 

o gp*>, 3- KfiJtfli(iljE& 1 3om:/JiS-^a. b, • • • gco^T^i^^ "L" (= "0" ) O 

-VyxmUmfLR t o_t r i m(D^m.mi±. R t r mt J^^o 
[ 0 0 6 61 

i/c, K$lJ^^lall^l 3<7)ai;'3^s#a, b. • • • g O ^ t>0 l otS? "H" (="1 

4 >l£-Vyxmi^W:ifiR t o_t r i m^«1i(±, R t r m/2 t^j:^o 
[0 0 6 71 

>^OJ;^tC. n- K$lJffll[51S§ 1 3 0tB:'7<§-^a, b, • • -gtcRgLTfi, "1" <h 4^ 
^m^(7y^ (k) tl€>i:-C, > li-r>X^M®J;tR t o_t r i mOMi5LM(±, Rt 
r m:*-ibR t r m/ {k+ 1) tX(DmmfHX^it-t ^ o 
[0 0 6 81 

^^iJ<7)|llg&-e{±, V t o 1 >V r l<7);|:>c?5iiT-e(±, m 1 con CMPfi, "1 

" ^ai:': LMJt-So CMP;^>-'bai:ti$n>5) "l" u y ^m^CLKK 

ri- K^jfWmif&i 3om:^#-^a, b, • • - gOd*) "1" t^:^ t<7)<^)i!i:t±. ^^IC 
. mm {T-y-/) LTV^<o 

aiiE# 2003-3076360 



#il 2 0 0 3 -3 0 7 7 6 6 ^- v : 9/ 

[0 0 6 9] 

>\£-ir>7.mMmijLR t o_t r i mOigJ^t^i^^^-X^UfiT-r o 
[0 0 7 0] 

V t o KV r l<DmWAZfj:^t^ gl 1 O 3 U-- C M P li. "0" ^m:d-t-*o 
CIO "0" t±. n ■;/ ^^^i-^C LKl3|5lfl^LT. M^i:, v 7 ^ [*I ^ -> 7 h L T 

MtSUtR t o_t r i m<7>i£t)Ltt75?±#i--2,o 
[0 0 7 1 ] 

0 ZtHt. ri-KliTS^l If-;/ MPs ( 2 o<7) =r - K^iOFa^) -^M^i- ^m^^-^-^ n . 
Kffi7)-'2 tf y MPs (3o<7)3- K^fiOK) -Cii^i-^it^icii, Kjitfi, V t o 

1 r I (DTM^. t ^ :n - vmtV t o l^V r l<Dm%t^j:^a- K-fit t <7) ^ =Sr . m 

t o 1 r ^(D-^f^m'CW.ibiZ::^- V^m^-T^ 7 ) o v 7 h v 

V t o 1 r 1 X^iH£\ -e-T^^l-.-Cit^jiin- V^mm-t^ (#/Hi0) o 
[0 0 7 2] 

^ (Dmmm<7)mj-i:m 5 (Dmi'^-mmizm-t o 

mmxii . ^^*J;i>^tf ^ 3^ L T v> ^ ^ L T ^ o 
[0 0 7 3] 

3. l|2||]6£<OBig 

men. :^mM(Dm2^m<7yfmizmi^:h^ y\^-vyxmm:mm^mLr\.>^o 

[0 0 7 4 ] 

[0 0 7 5] 
[0 0 7 6] 

4 . ^3 %mmm 

[0 0 7 7] 

1 oo^ii/sw T7>^ 11^. A:^^ ^if-^j^^-^h';? 1 2 tmt]^ >\£-^> 

[0 0 7 8] 
[0 0 7 9] 

5 . II 4 mmmm 

HIS ti. 2^f&^o^4^is<7>?f^^jir*g^^ 'f > tr- ^^>;^PMiiis&$:^LTv^<&o 

[0 0 8 0] 
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[0 0 8 Ij 
[0 0 8 2] 

ffttJiR 2 ^ 6 7 n t L. JSfjtR 3 ^.f^iSt^R 4 S.(^1£tJi:R 5^1 0 0 n ^ L. WfiR 6 ^ 
4 2 n <h L. i£tJtR 7^33 Q <!:i-^o CO J; ^ ^*K};L<7)i£J)L'(iHll^#ttr , =/ - 

[0 0 8 3] 

PMt'fflv>^Jfi})tfi^^x.^ft'^> ^|iE't->-7 h Ixvx ^^tzj;^;^^ •y^$^J^^-r■ 
[0 0 8 4 J 

6. m5mm(ofm 

W:ifcmmmm^zmL. mimM(7)fmx7ikLtimirLm^(ommmx 

«b o 

[0 0 8 5] 

fih(nm}Ufi'k.X'M.'9\\\z^ti^^tzJi:^x%x.^o ::.(r>%1^(nWM.x\t. ^^h(D^^mK.(D 
[0 0 8 61 

^iJx{i\ @S^}£j5LRm e t a 1 ^ 0 . 5 n , -i^' > t"' > ^^'9 ^ -VJSJitR b d g ^ 0 . 3 
K-7U-A®tn:R f r m^O. 2 n t i-iL{S\ /s" "7 r OH^Ii tf >;&-ibai:^J k: > 
i T'<7)^}£@S&0^#^1.7t:J£Jn;{i. 2X (0. 50 + 0. Sn+O. 2n) =2nti£ 

[0 0 8 71 

C<7)J: d ^yM-^yT^mMmURt r i m(±, ^M<7)^l5Lli, 15lJx.(i\ 4 5 

-i y \^-^y7.W^W^R t r i m-k. A 3 H ^ cf'L^C^ #x. >g) i3^)'M 
[0 0 8 81 

-oiiii<7)BS-e{±, mfLRY^'m^^T^x^ ^y\i-^y7.i^mmn.R\. r i mOp 

[0 0 8 91 

RextlRl = RtrimlRttL, Rtrim^45n75^^43n tl^xT 
li^Lf^v^J|f^{±. R 1 *4 5/4 3<7)Jtfitt:^# <-rti(f iv^o -tT^Jj^-a-, i^*^> i^^. 
^ti^^T(7)^^SJJt^J!jpi*LT, R 1 J: ^ (C, L S I >=^ffl^L 

Tioi:. R 1 Sr:^ci < L/>:i9> /J^$ < L />: 0 1-tt(f =fc v^o ^f9#x.(±, T + ni^^-x-f y ^ 

[0 0 9 01 

lili .os.rai i{±. =i:^jgt)L^«L-r. ^ y\^-vy7.mmmtfCR t r im^^t) 
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(0 0 9 1 1 

[0 0 9 2 1 
[0 0 9 31 

7. memmmm 

[0 0 9 4 1 

-Mmmw^tfLR e X t (DmjLit-/}^ 2 k n(7)m^i<za, mfcR 1 <^i&tn.mii. 2 . 4 

k mz-r^o tfz. Mm&UtiLR e X t OiSJjt'fi/^M 3 k ficT^lt-g-tCti, ^gfjtR 1 <DmfC 
ma. 2. 4 kflTi^e. (13/12) X2. 4 kn^fitt, i < i-:}xii"J; v^o 0, 
2 . 6 Kn t^^o 
[0 0 9 51 

[llSSi^)^^(7)|}^.B^^cov>T^i. ^m^^^^K Rext:Rl=Rtrim:Rt<^) 
(0 0 9 61 

[0 0 9 71 

8 . » 7 mm<r>Mm 

[ 0 0 9 8 1 

Z.hi)^X^h. of 19, i^^tJgJgfjtR e X t <7)<g^^x.T^). i/^, y >^ - vOtt^S^ 
[ 0 0 9 91 

9 . » 8 HMOff^^, 
[0 1 0 01 

75-'b-fn7t:Jt^<7)*tf&mt^r*9i-^o i?ijx.{f\ i*i^*iftm/±v r e f <7)fflv>@75n. 2 v-c- 

^ i^fflJ^^ginlR e X 1 75M 2 K n-C^-S f -So ^<^)B#, ;S*»S*SJJtR e x t H&tn>5,m 
i/tti. V r e f /R e X t = 1 0 0 AT'^>2)o 

[0 1 0 n 

^ityn^:>!>O^M4'^lC«t t)^ l*lS|5^iimSV r e f 7)n . 2 V7i>-<b^l-n^ 
^ir'g-75-'*-5>o mz^ n%mMMSM X e fTiM. 2 5 V tc^j o t -ftLff , i^fflJgffiJJiR 
e X t UvttL>S>mJ){L{±. 1 2 5// Ai:^-»), V r 2 ^> . ^JJtR 1 omiE|5^T(7)li:*:{w^;b 

[0 10 21 

C<7)J: ^ ^^^ir-^fi. ^})tR 1 2o<7)g|5^tz53-tt, -g-Otf.^-^V r 1 h Ltr^^T^y 
OP 1 <7)-7^f-;^A:^)^T-t;1gM-r^o -e-LT. -eo 2 o<7)g|5^<^ 9 *,ig^tjgj£i^i:R e x 
t tClg7!)^'<g>g|5^ (R 1 T) -C\ 1. 25V-1. 2V=0. ^ ^(DMMM.'km^-^ h 
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1 ±) (±. R e X t : (R 1 T+R 1 ±) = R t r i m : R t (Dm^.irm&'t ^ X n =tifi 
[0 10 3] 

Z<DXniZ^ :^mm(r>fmiZXitH£. l^lSB^mUBEV r e f tC(i'<bo # tJ?^ i:t ^ . ii 
f^mytliov^TIi, #tC-^ti-^Ci:T% i^^Jtl^, Rt r i m^PMi"^ C tT^^T-^ 

o 

[0 1 0 4 1 
[0 10 5] 

(1) mm 

t -h^X^ ^ ^ o 
10 10 6] 

. mx.l£\ m 1 2 U^-Tct o t;, V t o 1 O-dsJi^V r 1 V t o 1 <7)'fiti, 

V r 1 ^^'L^iz. ±To^i|)^iit) iii-o 

[0 10 7] 

^^1-. i: 4^ ^) , >1<7) ^^ii ji^^lal l^i&ft ^ X ^ f^S $ ^ ^i. o 
[0 10 8] 

Pl^iH, ■P!lx.{f. Hie t;:^-rA:^^ >e-^>Xp^liIli^Hi3V>T^>. =r- KftlJfflllal^ 

1 3 (Dti!,tiin-^^^<r>t ti^m Lx. xti^ y \l-9'y7s(r> h < > ^'^^fo-cv>^7ti6 

, mi 2 iZ7jki-JM.^tmcm.^. sn*,, vt i i omts^-^l^s^v^ •tv^^^s^Ti^^^C'S 
o^^tLx. m6<Dxti4 y\^-ry^mmmm(Dxti^ y^-vy:^mm&tfiR t i 
_t r i m<Dmz^\.^x i> ^ xt}^ y\^-'^y^<r>h'} <yir<7ym^. ^idi-'S^ 

t ^ ^ o 

[01091 

tfz. V t o 1 oMtS^V r 1 ^^'L^^Z2 MPg-trM LTV^^Jt-^. -^Jxldf. Ell 2 
H^i-J:-?(z, Vt o l<Dm^^ "2" t "4" <7)F^^a^lLTv^-5>J#^t;{±, V t o 1 75-' 
"3" (Ot^. V t o I (Dmii. V rr HZMi>&<^J:^o Vt-^X. :i(r> X ^ ^^m^klZii^ 

-i y \i - V y 7.^m\H-t z> •=! - ^Mfi^^ V t o I <^m.i)^^(Dm.Wi^m<^^'LAU. fip*>. " 

-So Vt i l(Dmz^\^Xii. W\U(o:ztii-mk.i>o 

[0 1 10] 

t2£oT. J-:i±co^ <!: t . V t 0 1 X(iV t i 1 /O^'BliOltT-^b V r 1 

(:5-lJii L7t:<h ^(i. X^ti^ y - 9' y 7.mM.mXR t o_t r i m, R t i_t r i m(D 

^wm\.z[i^ vmmumi 3(D[^t}m^(r>m.^i. ?)x'^\mzm'&\^tz:^i)^x^^^zt 

[0 1 1 1 1 

t^L^bx. Ym'mm^<^\^tim^(D\^^ y y ^-r ^ ^ y \£~vy7.m^m^t lx 

[0 1121 

mi 3(±, m^xm^ ^z^m^ix^ ^ y ^- yy :^m'^m^(D^^%^mLx\^>^o 

[0 1131 
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•y y*l*lgB{CIStt'b^x;tmvt?i^2 1 5 iii i9 , > t:- ry7.a) h 'J < :/^'^^f oT v^-5>,a; 
. ^rtc. V t a r g e t O-fiT^^^V r e f ^§tm<Dmizmt>^ ^ yM- 

[0 1 1 4 1 

< >if-^\- Y {l:^-r J: 9 V t a r g e t <D\^i)^V r e f J: «9 ^>:^ # v^t^-^tc, U/ 
DM-^t!'^' "H" \,Zti:h tl^K, V t a r ge t <7)tt75^'V r e f ^mk-tzM^f)^ 2m^Zfj: ^ 
fzt^. gp^. U/Dfi^TS^ "H" {c^o;t:<h^. U/DM-t<7) 2 JK@ <7) "H" 

"L" ^c7)^il:B#*^^J^iIif&2 1 ct iQ^^m L. COMPLETED "H" Hi" 
i>Zt\,zin . UvP5.^'2 13 tii3V^T-9--v;un- KC 1 i (T^lit^El^ LTv^>2,o 
[0 115] 

'iit-ox. z.(n>^ y \i- Y y 7.mm.mih\it. V t a r g e t (r>m.if^ r e f 

[0 1 161 

^tz^ m^\t, mi 5<7)^'r 5 >^^-f-^- htz:^i-<}: ^ {C. V t a r g e t (r>m.ify r 
e f ^<f''L>(i2 t'-y Mlia-C^itiLTv^<|,Jt^, SSJtltcii, ±ii L /:: J: d t:: > ^>k:-^ 

K-fg^. Vt a rge t 0'fi7)^^'?-0^itiiEH0 4'-L^'fgH*-S) t i <7) 

[0 1 17] 

XDm^(0 2}^E(D "H" ^i)^?. "L" ^(7)^<tB#A^1^ai Lfcf^. COMPLETED " 
H" L-C-y---7;l/=r- KC 1 i co-ft^g^i-^o >lcO/i*!). COMPLETED "H" 
iz-t^t^iZii, V t a r g e t O-fifi, ^O^t/j^fflcott^'MS (V r e f ) ^^h-Ttifz 

[0 1181 

^zx:\ i:xTizm.m-t^m9mm<Dfm,xii. vt o ixuvt i i^^sm<Dmx^^ 

V r li&m^zmMLfzt ^ii. ^ y \^-Vy 7.m^(Ofzi^(D^- Vmi:. VtolXtiV 
t i 1 O-fiTi^'^ ^ V r 1 {Ziav^-li (V t o 1 XfiV t i 1 ^^V r e f ^tf^'L^C 2 If y bi|lg 
-e^li)L-Cv^.?>ft'^tC{±, V t o 1 = V r 1 Xl±V t i 1 =V r 1 ) t^j:^fzt ^OlfitC 

^ MMizm^-t^^ yi^-^y^m^mm^^m-t^o 

[0 1191 

(2) IH^I?!! 1 

HI 6(±. ^§^m<7^^9mM<ommi>zmt>^^ y}^-ry7.m^m^(om^mi ^mt 

[0 12 01 

Rdrv (IB-t^) {±. Kv ^/N'^r^LTv^^o 
[01211 

^m^u Txu 1 1 fi. y- Kv r 1 ^^Lx^m^n^hf^m'^^^ifiR i aSf/i^ffl 

J^(7)>5'i^g|5}gJjtR e X t , \^U^mmf±V r e f <h y - KV r 1 c7)^ff,{,?A:^ ^^-5, ^^T 
>7°0P 1 , P-^^^OHVIOS h v>->"X^P 1 a, P 1 i&O'tC. N^^^wUMOS 
h v>v>^^N 1 ^m-t^o milgVDDtC^^^tL-?, P^^;twi/MO S h7>'vX^P 1 
a, P 1 bti. ^ll7jit/N''rT7.?r^^i-Sf>:*!)60/-«'f T;^^^Ii^T-^t). #JlIiIS&T-ib 

o 

[0 12 21 
[0 12 31 
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mt}^ y\i~^y7. y \ 2ti, mi±v r i tmBEV t o 1 7&-'A:^j$n^ =r > 
CMP. ^EEV r 2 tmHV t o 2 T^^'Atl $ ^ T > 7° O P 2 . 

tljfjfl^i^) N 2 . l*)^i&J)tR t o , ait)^ >t:-^*>^mMigJ)tR t o_t r i m, 
[0 1 2 4 1 

t^T > 7°0 P 2 (i. mi±V t o 2 7i^~mi±V r 2 ("1^ L < ^-^B J: d {3> N^^ ^^;UMO 

s h V > vx^N 2or- hmEE^$ijf*i)-r-2>o -i<7)'i^st:\ m/±v t o Hi, r t o t ( 

Rto_t r im + Rdrv) t (r>9i-W.'^W.hi£^ifi . S^^C tfi, R e x t t R 1 t 
cojrkii, Rto_trim+RdrvtRto tc7)J:ttc^L< 4^ C <h <b o 
Rext:Rl (Rto_trim+Rdrv) iRto 

^l-g|S*£JjLR e X t (i, i^ffiJ^T-^^o I*|i^jat)tR 1 , Rto, Rto_tr 

i m, R d r vOMTS^'-E-n-Pntf fbov^-C^), -^gatJU(±, R 1 t R t o t (7)+ii*fflJ^7&« 
A< 4'-l> J: ^ tCi!ijti-n{S\ R t o_t r i m+R d r V OjiJi, JEiitC, Mt&M<7)fEffl 

10 12 5] 

•=i~ Y%mm^\ Z\t^ ^^'^V \-VV7.^t-hmWL^f\.^o Vrl<hVto 

10 12 6] 

1 IZift-cfv^TV^ < o ^LT, VrltVtol <DX4-mi^.:^mn i^LXmit-r ^ X ^ 'fc^K 
fiP*>. V t o l(Dmi)^V r 1 i^'L^lZLX^<D±T'^n^^'t^']itmAZfs:^t^ n- 
KWflJUIKl 3;0-^{i. R t o_t r i m+R d r v Ti^ft ^ ^t&Mt^iir < ^^^X^^j:^- 

[0 12 7] 

[0 12 8] 
[0 12 9] 

=i-vw-mitmmi 6ii. :=i- vmmm^i 3(Dihtim^ (n-Mg) ^$it-2>o =f- 

K¥S<1:(11JE& 1 6 ii. V t o 1 7i>^ V r 1 IIIbJt&^o T#H-:^[p] (1^Jx.fi\ 7'9>^:^(6]) H 
'S'fbL-Cv^^tt^H{±. 3- KSlJf^IlIif§ 1 3 Oiii^'Jit-^*. ttlt/^g#S E L t LT. -^-co 
tttiitJ-t^o ^LT, V t o 1 Ti^V r 1 tc*^iS':5v./:;;|^sg(c4>^ i:, n-K^ffl^bUI 
1^ 1 6 {i. V t o 1 tJ^V r 1 l<zmi>iQ:^'^^tz t ^ (Dzi - YUmm^ 1 3 (Dthtlim^ - 

o 

[0 13 0] 

mi 7{i, K¥ffl^l:liIif&O[aIg&0iJ^^LTV^-&o 
[0131] 

I^vX^17(±, HI 1 eonf- KHjf*PliIif§ 1 3 ^e'^'^iti:':^^^^- KSlJfiPM-^ (::J-K 
^•'i' >t^:aJM-^D0WN7!)^' "H" I^v^^'17{i. n - K$IJfflJ®-^=^ 7 > ^i" 

^ o 

[0 13 2] 

^•^ >1tmM-^#&^I5I8& 1 8 {i, n y ^^^-^C L KHI^^ LT. 13?iJx.{i\ 1114 cOT y 
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o'v^r, ^'-^ >i|t£tSM-tDOWN^rttl;^J-t--&o 
[0 13 3] 

CCT% I14 0l?ij-e{i, V t o 1 /)^V r 1 J: 0 ^j:^^ v^t T y 7V > -ft-^ U 
P/DOWN;)? "H" (= "1" ) IC^rO. V t o 17!>?V r 1 <}: f) tc, t -y 

y/r-^ ^fi-^up/DowNTi? "L" (= "0" ) \z.t£hm^mm.h\^x\^^ho 

[0 13 4] 

LTi^L. 11 1 6 Jira 1 7(7)1?1JT'I±. V t o 1< V r 1 4^ >2, ^j^t^Tj^ ib . ^>:^H. V t o 
1 ^±#$-ii-^^ <»: ^^z.X\^^fzt>^ 1114 <7)^?iJ=^^^BL. V t o 1 75?V r 1 J: 0 ^j/h? 
v^t^t;, T y ^-fi^U P/DOWNtJ^' "H" (="1") J34-f9, V t o 1 75* 

V r 1 J: i9 i,-k^^^t h T 7 -f / f ^ ^jf-^U P/D O WN7>^~ "L" (= "0" ) 
^coti-^,, taH. ^(D^ntamm^mt^ ^/^°^-:5'CMP^^Bi-*^<^^CJ; 

[0 13 51 

^15!|-e(±. T y ^Vy-^ >jt^U P/DOWN{±, V t o 1 (T^-fiT)? V r 1 J: 0 ^ $ 
"H" {T -y-f) tta^o wtl(±, fl^E> V t o 1 O-fiTiiW r 1 H[6]75^o T±# LT 

[0 13 6] 

^^xtC^tL. T -y y/:?"-^ >'jt-^U P/D OWN(±. V t o 1 <7)'(i7^?v r 1 J; 0 <> ^'c ^ 
K^^'&i:. "L" (^■•'>>) i:^>^o ^tL(±. ISit. Vt o \ (Dm.-b^^ Vr liSf^tiitL 
, V r 1 ^®x7t:C <!: ^^LTV^.5>o fi£oT. C<7)f^i±. V t o 1 ^TP^$-it'5.'£« 

StS^^-S^ lb, tS^-^^^aiM-^DOWN^ "H" Hi-^o 
[0 13 7] 

'Srjy, ^ > li- ^" ^x h >; 5 > i>'B#Hi3v^r. V t o 1 <7)jit{±. ±iiEOc!: ^ t;, g^ffi 

V r 1 (;fp]7&^oT, T y:/Lrv^<^)Cot-r^o 

[0 13 8] 

Tv^< J#^-(Z(±, ^'-^ >t^aiM-^fl^llIS§ 1 8 ii. V t o 1 Ti^^T -y T'L^^cC <!: ^;^ait-^ 

itm'ri,zt-^^x^^o ) o 

[0 13 9] 

(MUX) 19t±, ^''^ >t^ffi^t-^DOWN<75fit;^o'v^-C. HI 1 6 O 

KSijf^[i]]i& 1 3otb:']fH-^ (3- vBimm-^) 1 7<7)ai:'jM-^<7)^ 

u > -f n ^ L T ta i- ^ o 

[0 14 0] 

nwib. V'y y^kHMw^DOwi^:^' "l" ot^i±. -rji^-yu^'ir (mux) i 9(i. 

V'y y^kiii^-^DOWN:^^ "H" (Dt^ii^ (MUX) 1 9 Ji, 7s 9 

1 i(r>^tim^-km^\^x^ti-t^o 

[0141] 

-r;L/^7°lx^^-»f (MUX) 1 9 {±, 5-'^ ^^ttfim-^D OWN55^ — JS, "H" 

[0 14 2] 

If-;' h^^^^tllli^2 Ofi. - K$lJffllft-t (3- KM) ^ n^^'^x.fiXt^ \£ y hm ( 

^i^^' "0" -h-h "7" <7)PH^-e^fLi-'& i: ^ H{±, "7" liZta^fzh^kz^ \£ y hmtLX 
^ mx.l£. "6" ilhti'^^o 

[0 14 3] 

^<7)S#, ■^)V-f-ir\y9^ (MUX) 2 1 75^'t- y hil^M;^|Hlg&2 Oomi^fS-^^iiil^-t- 
^i^H, li'-;/ hil^^Mlil8&2 0 fi, (MUX) 2 KDWli'^^Um-r ^ 
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[0144] 

[0 14 5] 

10 1 4 6 1 

S -r. mi 8 <7) ^' 'f 5 > ^•^i:' - h U^cJv.r , V t o l </)fi7i/^^V r 1 iSi^T- 1 tf y h 
ipiT'±T jgl^fiUj^^-r ^ ICO V > TlJi^i- * o 
[0147] 

mmmm-^^li. Vt o lOjili, i#i:4^^Vr 1 <gtnrv^-5>o C<7)^ci6. 

V t o 1 <7)^it(i, i^'o 7 i^M^CLKlClBl^LT. .:^^H±#Lrv^<o ^^T'(i, f^^B^ 
t»^-iO^<-t^tzi^. VtolOU^, =1- K$lJfflJ|eIj?& 1 3 75^'?>ai:']$tL-2,n- Kf^Jf^ 
M-^ (::J-KMiO-7) Iztm^^X^ 0 - 7 X-mir Z t iz-t 
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